(3) also confirmed this fact but the group of polarly flagellated strains were found to be in complete coincidence with the strains of the formerly named Gluconobacter not only in flagellation but also in biochemical characteristics. Thus they proposed to use the original generic name Gluconobacter for the polarly flagellated strains and also for the non-motile strains with similar physiological characteristics. SHIMWELL and CARR (4) also confirmed the LEIFSON's finding; but rejected the name of genus Gluconobacter by the reason that the strain which does not oxidize ethanol was included, and strongly supported the name of genus Acetomonas.
On the other hand, DE LEY (5), in his biochemical studies of acetic acid bacteria, stressed the generic division of Acetobacter and Gluconobacter-although he named as two biotypes of Acetobacter and Gluconobacter-as the first evidence of the duality within the acetic acid bacteria.
1 Present address: The Suita Laboratory of the Brewing Science Research Institute, Asahi Breweries, Ltd., Azumabashi, Sumida-ku, Tokyo.
2 Present address: Central Research Laboratory , Ajinomoto Co., Inc., Suzuki-cho, Kawasaki. Japan.
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In the ASAI and SxoDA's publication cited above three anomalous strains of Gluconobacter liquef aciens G-1, G. melanogenus AC-8 and G. melanogenus U-4 were reported as polarly flagellated, nevertheless exhibiting the acetate oxidizability as observed in Acetobacter. However, SHIMWELL and CARR (4) and STOUTHAMER (6) re-examined the flagella staining using G. liquefaciens G-1 and confirmed the peritrichous flagellation. The former authors (4) pointed out that this strain should be assignable to genus Acetobacter.
Recently HoDGKISS et al. (7) reported that the other two strains of G. melanogenus AC-8 and G. melanogenus U-4 are not polarly, but peritrichously flagellated and assigned them also to genus Acetobacter.
The present work was started to reconfirm the flagellation features of the above three strains comparing with other acetic acid bacteria. But surprisingly the existence of the polarly flagellated acetate-oxidizing strains was newly found among the Acetobacter species thus far reported. This new finding led us again to carry out an taxonomic study of acetic acid bacteria including these interesting and anomalous strains. The discussion on the phylogenetic relationship of the genera Gluconobacter and Acetobacter is also presented.
MATERIALS AND METHODS

Organisms.
The strains used are listed in Table 1 . Form and size. Cells grown on the slanted medium described below for 18-24 hr at 25° or 30° were subjected to microscopic observation after staining with carbol f uchsin. For the Gluconobacter and "intermediate" strains, mannitol agar medium (8) composed of 25 g mannitol, 5 g yeast extract, 3 g peptone, 20 g agar and 1000 ml of distilled water (pH 6.0) was generally used, the incubation temperature being 25°. For the Acetobacter strains, the medium was composed of 30 g glucose, 5 g yeast extract, 3 g peptone, 20 g agar and 1000 ml of distilled water (pH 6.8) supplemented prior to the inoculation with ca. 3% of ethanol and 10 g CaCO3. The incubation temperature was 30°.
Motility and flagellation. Motility and flagellation were observed with the cells of young slant cultures incubated on appropriate agar media at 20° or 25°. The culture medium and the age of the cells are cited in the photographs. The flagellation was confirmed by the staining method of ToDA (9) or SUGAWARA and NISHIZAWA (10) and also by electron-microscopy for some strains.
Measurement of growth. The extent of growth was determined by turbidity. Cultures were incubated at different temperatures in the medium composed of 3 g glucose, 2 g yeast extract, 3 g peptone and 1000 ml of distilled water (pH 6.8).
Growth at different ply. G. eerinus JAM 1832 and two strains of "intermediate" type (polarly flagellated) , i.e., strain IFO 3245 and IFO 3246
were grown at 30° in the pH range of 3.0 to 7.0. The latter two strains Table 1 .
Gtuconobacter and Acetobacter
The specification of the strains.
(Ten~is (Thi,rnry~,nhrr.rtar 97 were incubated in yeast extract-glucose-ethanol medium.
In the case of the former strain, ammonium sulphate (0.5%) was supplemented, or mannitol was substituted for the carbon source, since it grew only poorly in this medium in stationary culture. The compositions of the media are as follows : Yeast extract-glucose-ethanol medium-glucose 10 g, ethanol 10 g, yeast extract 10 g, distilled water 1000 ml. Adjustment to the desired pH was effected with HCI.
Yeast extract-mannitol medium-mannitol 25 g, yeast extract 5 g, peptone 3 g, distilled water 1000 ml. Adjustment to the desired pH was effected with HCI.
Pigmentation.
Glucose-yeast extract-CaCOa agar slant comprising 30 g glucose, 2 g yeast extract, 3 g peptone, 20 g agar, 20 g CaCO3 and 1000 ml of distilled water was used in order to observe the pigmentation of colonies after incubating for 10 days at 30°.
Growth on glutamate agar. According to IIZUKA and KoMAGATA (11,12) most strains, especially the fluorescent type of Pseudomonas, grow well on glutamate agar. Such a behavior of the acetic acid bacteria was tested using the medium composed of 10 g glucose, 5 g sodium glutamate, 1 g KH2P04, 0.2 g MgSO4.71120, 0.1 g KCI, 20 g agar and 1000 ml of distilled water (pH 7.2). Incubation was carried out for 10 days at 30°.
Growth on mannitol agar. The above cited mannitol-yeast extract medium containing 2.0% agar was used. Growth was observed after 10 days' incubation at 30° on slant cultures.
Assimilation of ammoniacal nitrogen. This was tested with cultures incubated for 7 days at 30° in the medium composed of 3 g (NH4)2S04, 3g K112P04, 2 g Mg504.7H20, 50 g C-sources and 1000 ml of distilled water (pH 6.8).
Oxidation of acetate and lactate. LEIFs0N's method (2) was adopted. The medium used was composed of 3 g peptone, 2 g yeast extract, 2 g sodium acetate or sodium lactate and 1000 ml of distilled water with addition of 0.002% bromthymol blue as an indicator. The pH was adjusted to 6.4 before inoculation.
Cultures were incubated for 7 days at 30°. When the substrate was oxidized, the medium became alkaline corresponding to the degree of oxidation.
The basal peptone-yeast extract medium alone was also examined.
Oxidation of ethanol and decomposition of lactate to carbonate. The methods of SHIMWELL et al. (13) were adopted.
Acetic acid production from ethanol was detected by the dissolution of CaC03 around the colonies of test strains grown on ethanol-containing CaC03-agar plates at 30°. The complete lactate oxidisers were identified by the crystallization of CaC03 around the streak culture of the test strains grown at 30° on agar plates containing calcium lactate.
They were observed after 10 days' cultivation. Ketogenic activity to pot yalcohols. After the incubation of test strains on glycerol-containing agar plates for 5, 9 and 17 days at 30°, a portion of FEHLING's solution was poured into the petri-dish.
An orange color occured around the colonies when the strain oxidized glycerol to dihydroxyacetone (12) . Mannitol and sorbitol were also used as the substrates for several strains.
Production of the substances positive to ferric chloride reaction. The medium consisting of 1% yeast extract with addition of glucose or fructose at a 5 °o concentration together with appropriate quantities of CaC03 was used. After 15 days' incubation with shaking at 30°, the broth was tested for reddish violet color reaction with 5% aqueous ferric chloride solution.
Acid formation. The medium composed of 5 g yeast extract, 10 g each carbon source and 1000 ml of distilled water was used with the addition of 0.002% of bromcresol purple (pH 6.8). The incubation was carried out for 7 days at 30°. Acid production from ethanol and glucose. This test was carried out with the strains which are very weak in acetic acid production from ethanol and with the strains of " intermediate " types both polarly and peritrichously flagellated.
The organisms were incubated in test tubes containing 5 ml of the medium at 30° for 3, 7, and 12 days in stationary culture and for 1, 3, and 7 days in shaking culture.
At intervals titrations were made with 0.1 N NaOH. The medium was composed of 20 g each substrate, 5 g yeast extract and 1000 ml distilled water (pH 6.8).
Oxygen uptake measurements. These were carried out in the conventional WARBURG apparatus at 30°. For the measurement of oxidative activity, the cells collected from a 2 day-old culture on Koji extract-CaCO3 agar slants (ethanol was added in the case of A. aceti) were washed twice with physiological saline, followed by suspension in distilled water.
For each strain, cells collected from eight test tube slant cultures were used in the experiment.
Each WARBURG vessel contained cell suspension 1.0 ml, M/15 phosphate buffer (pH 6.5) 1.5 ml, M/10 substrate solution 0.3 ml and 20% KOH 0.2 ml (in the center well).
RESULTS
Fifty strains were studied.
From the present experiments thirty strains were confirmed to belong to genus Gluconobacter. A. capsulatus IFO 3462 was transf erect into genus Gluconobacter because of its polar flagellation and the lack of acetate and lactate oxidation to carbonate.
A. turbidans IFO 3225 was temporarily classified as genus Gluconobacter because of the nonoxidizability of lactate to carbonate.
Final classification requires further taxonomic studies.
Other thirteen strains were confirmed to belong to genus Acetobacter except for A, xylinus A-24 and the remaining five strains producing brown pigment.
The latters were named as "intermediate" types assignable neither to genus Gluconobacter nor to genus Acetobacter.
Gluconobacter
Morphological characteristics Morphological characteristics of the strains of Gluconobacter are summarized in Table 2 (refer to Figs. 1 and 3 ).
Cells were all rod-shaped. Some strains formed large rods, elongated and filamentous cells.
Twenty-five strains were polarly flagellated and six strains were nonmotile.
All of the motile strains showed the polar multitrichous flagellation. It was found that the incubation temperature greatly influenced the motilities of some strains.
The cells of G. cerinus IAM 1832 grown at 20° were shown to be actively motile, while those of this organism grown (14) were found to be polarly flagellated and therefore transf erect into genus Gluconobacter together with a strain Tables 3 and 4 .
All the strains of genus Gluconobacter were proved incapable of complete oxidation of acetate and lactate.
It was therefore agreed that the oxidative behavior to acetate and lactate is essential for the differentation of genus Gluconobacter from genus Acetobacter as demonstrated by LEIFSON (2) for the generic separation of Acetomonas from Acetobacter.
Remarkable is the finding that there exist a few strains which possessed little or no ability to produce acetic acid; a strain G. cerinus TAM 1832 was shown to be unable to produce acetic acid. Therefore, further investigations in order to verify whether or not they could oxidize ethanol to acetic acid were carried out with direct acid production test and WARBURG manometric experiment.
As seen in Tables 4 and 5 , the results substantiated that especially three strains of Gluconobacter, i.e., G. cerinus TAM 1832, G. suboxydans TAM 1828 and G. suboxydans H-15 were extremely weak in acetic acid production as compared with other Gluconobacter or Acetobacter strains.
Only 2.2-2.6 mg acetic acid was produced from 100 mg ethanol in stationary cultures. Acetic acid production was not accerelated even in shaking cultures for 7 days while gluconic acid rapidly accumulated within 1 day. It is obvious that the three strains mentioned are scarcely able to oxidize ethanol, and considering the result of manometric experiment (Table  6 ), a strain G. cerinus TAM 1832 was decided as being unable to produce acetic acid from ethanol.
The discussion on the generic condition of this strain will be introduced below.
All the strains tested could not produce acids from rhamnose, lactose, raffinose, inulin, starch, dulcitol and salicin. Only six strains were shown to grow at 37° while the other twenty-five strains did not grow at this temperature.
G. gluconicus IFO 3171 and G. roseus TAM 1839 were able to utilize ammoniacal nitrogen in the synthetic medium containing glucose as a carbon source. On the contrary, G. suboxydans var. a IFO 3254 utilized it when ethanol was supplied instead of glucose. None of the other strains assimilated ammoniacal nitrogen even when glucose, ethanol or mannitol was supplied as the carbon source.
The test strains could be divided into three groups with regard to the pigmentation of colonies. Group a. Strains forming pink colored colonies on glucose yeast extractCaCO3 agar comprise this group, i, e., G. roseus TAM 1838, 1839, 1840, 1841, G. suboxydans NRRL B-755, G. cerinus TAM 1833, G. scleroideus TAM 1842 and G. nonoxygluconics IFO 3275. They could grow well on mannitol agar but did not grow on glutamate agar. They did not produce any substances from glucose giving a reddish violet color with ferric chloride solution. The oxidation was remarkable only with A, xylinus strains. This suggests that these A. xylinus strains are equipped with the enzyme systems capable of glycerol oxidation similarly to that in strains of genus Gl uconobacter.
The number of strains which were able to grow at 37° amounted to eleven out of the fourteen strains tested.
Thus, as reported earlier by ASAI (1), it may be said that genus Acetobacter in general is more thermophilic than genus Gluco-nobacter. (3) as polarly flagellated.
They were pooled in genus Gluconobacter noting that they are of a specific type. Two strains of A. aurantius were isolated by KONDO and AMEVAMA (U) from the flower of Lilium aurantum
Lindl. According to their description these strains produce brown pigment, oxidize ethanol to acetic acid but do not oxidize acetic acid.
The motility was positive but the flagellation not observed.
Recent publications by SHIMWELL and CARR (4) and by STOUTHAMER (6) pointed out that the flagellation of G. liquefaciens G-1 is peritrichous, but not polar. HODGKIs5 et al. (7) also confirmed the peritrichous flagellation of G. melanogenus AC-8 and G. melanogenus U-4. Thus the re-examination with respect to the flagellation and taxonomic study was carried out. The characteristics including morphological, physiological and biochemical properties are listed in Tables 10 and 11 (refer to Figs. 4 
and 5).
As shown in Table 10 and in attached photographs G. liquef aciens TAM 1834, G. melanogenus TAM 1835 and G. melanogenus IAM 1836 were confirmed to be peritrichously flagellated, not polar, as reported by the above mentioned workers.
However, it is surprising that the two strains of A. aurantius were shown to possess polar flagella. Even in the former three strains, the flagellation is not perfectly homogeneous as seen in the photographs (Fig. 4) and often shows a mixed type of lateral and polar flagellation. This is an important phenomenon to be taken into consideration especially in respect to the phylogenetic line of the organisms.
The history of G. liquef aciens G-1 and its change of biochemical properties during preservation will be discussed later. All the five strains grew well on glutamate agar, while the strains of Gluconobacter and Acetobacter did not. Since even the polarly flagellated melanogenic Gluconobacter strains (four strains of G. melanogenus Beijerinck) were unable to grow on this medium, this growth ability might differentiate the five interesting strains from genus Gluconobacter.
Thus the independence of their generic status was suggested.
According to IIZUKA and KoMAGATA (11, 12) , genus Pseudomonas, especially fluorescent group, utilizes glutamate as the nitrogen and carbon sources and grows well on the glutamate agar used in this experiment.
From this viewpoint, particularly the polarly flagellated A. aurantius strains seemed to have the closest relationship with genus Pseudomonas. All strains grew well on mmannitol agar as Gluconobacter strains; and and melibiose while the polar group could produce acids from these carbohydrates. These interesting and curious strains were first encountered by the authors, and offered an important problem not only for the taxonomic position of these organisms but also for the phylogenetic line of acetic acid bacteria.
We temporarily pooled these strains as the " intermediate " types which will be discussed below.
DISCUSSION
In the present experiments it was revealed that the acetic acid bacteria are differentiated into two separate genera Gluconobacter and Acetobacter as reported by one of the authors, A5AI (1) and by AsAI and SHODA (3). Some amendments, however, were added to the previous statement of AsAI and SHODA (3) particularly with regard to the flagellation and the generic situation of the three strains which oxidize acetic acid and produce brown pigment.
These strains were found in the present experiment to have the peritrichous flagella as reported by SHIMWELL and CARR (4) and later by STOUTHAMER (6) with the strain of G. liquefaciens G-1, though the cells did not appear to be homogeneously peritrichous, but partially mixed with polar and lateral flagella.
Thus, these three strains, G. liquefaciens IAM 1834, G. melanogenus IAM 1835 and G. melanogenes IAM 1836 were amended as peritrichously flagellated instead of polar flagellation and they were excluded from genus Gluconobacter.
The opinion of CARR and SHIMWELL (19) , that G. liquefaciens G-1 is a pigment producing mutant of A, aceti, is not agreed, because of the reasons described below.
SHIMWELL and CARR (4, 20) rejected the name of Gluconobacter by its admixture of pseudomonads in generic description. They stated that in the definition of "Gluconobacter" still described acetic acid production from ethanol as "weak or none" and that such bacteria described as "none" would be Pseudomonas strains which must be excluded from Acetomonas by definition.
Unexpectedly, in the present experiments, we again encountered such strains which are unable to produce any signigcant amounts of acetic acid from ethanol.
These were G. cerinus IAM 1832, G. cerinus IFO 3267, G. suboxydans IAM 1828 and G. suboxydans H-15 (Tables 3, 4 
and 5).
This is worthy of attention. As seen in Table 3 , they did not oxidize lactate to carbonate but produce dihydroxyacetone from glycerol, both of which are important characteristics of genus Acetomonas or Gluconobacter.
Remarkable ketogenic activities towards mannitol and sorbitol with these strains were also confirmed by another experiment.
Concerning the strain G. cerinus IAM 1832 alone, which was decided as being unable to produce acetic acid from ethanol, the experimental result on growth at different pls in liquid media showed that, although it grew poorly in VOL. 10 yeast extract-glucose-ethanol medium supplemented with ammonium sulphate or in mannitol medium alone in stationary culture in a pH range of 4.5 to 7.0, it grew well in both media on the acidic side with an initial pH 4.0 when it was incubated in shaking culture (Table 12' ). The above mentioned behaviors in characteristics are in contrast to those of genus Pseudomonas, while satisfying the criteria of Acetomonas (Gluconobacter) according to the proposal of SHIMWELL et al. (13) . Accordingly, we concluded that G. cerinus IAM 1832 still belongs to genus Gluconobacter, and is not assignable to genus Pseudomonas.
We are of opinion that oxidizability of ethanol to acetic acid is not necessarily an essential characteristic of genus Gluconobacter which was already separated from genus Acetobacter by definition.
The same category could be applied for the organisms of genus Acetobacter which can not oxidize glucose to gluconic acid as were reported with strains of A, ascendens (21, 22) .
Considering these circumstances, probably even in single genus Gluconobacter the organisms which are scarcely or unable to oxidize ethanol could exist in nature or by mutation. Important is the problem whether or not the other characteristics excepting ethanol oxidizability would satisfy the assignment of the organism to genus Pseudomonas or to genus Gluconobacter.
From these accounts, it still seemed appropriate to include the expression of "none" or "negligible at most" in the productivity of acetic acid from Is it reliable to establish " species " differentiation in genera Gl uconobacter and Acetobacter ?
We attempted to divide the genus Gluconobacter into three groups, i, e., (a) the organisms producing pink colored colonies (b) the organisms not producing remarkable pigment (c) the organisms forming brown colored colonies and producing water-soluble brown pigment.
These categories seem to be applicable for the species differentiation of Gluconobacter. However, the pigmentation itself was reported to be often varied. A recent publication of SHIMWELL and CARR (4) Such a loss of pigmentation was also reported by SHIMWELL (25) who found that a strain of A. melanogenus gave rise to two colony forms, one pigment-producing and the other not. The colorless mutant could again produce pigment. Biochemical variations had been reported by WALKER and KULKA (26) who observed a strain of A, suboxydans which at first yielded gluconic acid and 5-ketogluconic acid, later gave gluconic acid and a little 2-ketogluconic acid. Occurrence of a non-ketogenic mutant of A. suboxydans NCIB 3734 was observed by SHIMWELL and CARR (4) .
It must be emphasized here that the four strains used in the present experiments, G. suboxydans NRRL B-755, G. cerinus IAM 1833, G. scleroideus IAM 1842 and G. nonoxygluconicus IFO 3275 which give rise to pink colored colonies were at first observed as non-pigment producing strains.
Thus the pigmentation itself seemed to be inadequate for the "species" characterization. What other properties could be considered valuable to authorize the "species" concept in Gluconobacter .
Production of certain substances from glucose giving a reddish violet color with ferric chloride (probably r-pyrone compounds according to our experiments) was specific for the brown pigment-producing strains. However, from the standpoint of approving the mutable change of A. melanogenes into A. suboxydans-like strain, even this property might not fit the species differentiation.
Concerning the Acetobacter genus, SHIMWELL (27) recently reported that the existing species of this genus are unstable in its properties and mutating spontaneously into other species even in the laboratory. Also verified was the mutable change of cellulose-forming A. xylinus into cellulose-less A, mesoxydans and A, rances, and catalase-positive A. ascendens into catalase-negative A. paradoxum as well as the loss of dihydroxyacetonef orming ability of A. mesoxydans.
The acquirement of gluconic acid VOL . 10
forming-ability of A, ascendens was demonstrated by KULKA and WALKER (28). From the facile mutability in physiological and morphological properties, SHIMWELL concluded that Acetobacter strains cannot be classified at all, no matter what criteria are used.
DE LEY (5), on the other hand, proposed to abolish specefic names for the acetic acid bacteria based upon the fact that there are no abrupt changes in the sequence of strains and it is hard to see where to draw the line in the gradation of properties defining the limits of " species ".
In our present experiments with Acetobacter strains any remarkable characteristics to fulfil the division of each species were not found. An A. xylinus strain A-24 possessing the ketogenic activity towards glycerol and lacking the oxidizability of lactate to carbonate was considered apparently to be of different character as far as it belongs to Acetobacter genus. We believe that this A. xylinus strain should be transferred into genus Gluconobacter as it has the properties more closely related to Gluconobacter rather than Acetobacter, though it was observed as non-motile. Assimilability of ammonium salt using HOYER's solution was earlier recognized as a differential criterion of A. aceti distinguished from A. xylinus and A. rancens.
Although this key was adopted in BERGEY's Manual of Determinative Bacteriology, 6th edition, new findings published by LEIFSON (2) showed that four A. xylinus strains were also able to grow in HOYER's solution, suggesting that the species differentiation is impossible between A. xylinus from A, aceti in regard to this point.
Thus we reached the same conclusion as SHIMWELL and CARR and also of DE LEY that "species" characterization of acetic acid bacteria is unreliable. The recent studies on spectrophotometric identification of acetic acid bacteria by SCOPES (29) and the serological studies of Acetomonas and Acetobacter by SHIMWELL and MCINTOSCH (30) also supported only the generic division of acetic acid bacteria.
No remarkable differences except for A. melanogenus Beijerinck were observed within each species belonging to each genus.
We proposed to adopt A. aceti Beijerinck as a type (and sole) species of genus Acetobacter and G. oxydans (Henneberg) Asai as a type (and sole) species of genus Gluconobacter for the reason of their historical development in the literature.
Other existing species are to be considered as varieties of single species in each genus.
Genus Gluconobacter should be appropriately placed in the family Pseudomonadaceae.
Since genus Acetobacter shows no close relationship to any existing family, we propose at present to revive the family name Acetobacteriaceae, which appeared early in BERGEY's Manual of Determinative Bacteriology, 5th edition (1939), for its generic assignment.
Again the generic concept in general is introduced as follows in reference to the author's previous reports (1, 3) .
The genus Gluconobacter includes organisms which exhibit only polar flagellation, if motile, strongly oxidize glucose3, weakly or scarcely oxidize ethanol4, do not oxidize acetate and lactate to carbonate, and exhibit ketogenic oxidative activity towards glycerol.
The genus Acetobacter includes organisms which exhibit only peritrichous flagellation, if motile, strongly oxidize ethanol, weakly or scarcely oxidize glucose, and completely oxidize acetate and lactate. Ketogenic oxidative activity towards glycerol is negative or rarely positive.
The peritrichously or polarly flagellated brown-pigment producing strains possessing acetate and lactate oxidizability were excluded from each genus and temporarily pooled as " intermediate" strains, for reasons which will be discussed below. Existence of " intermediate " strains First we took into consideration the three strains which are peritrichously flagellated and produce brown-pigment.
They are almost identical in their properties.
G. liquefaciens JAM 1834 (G. lique f aciens G-1) had been isolated by ASAI in 1935 (31) from the dried fruit of Diospyros Kaki L. fil. and designated as Gluconoacetobacter liquef aciens nov. sp. Asai5 at that time. After 19 years preservation in the laboratory, reexamination of this strain was undertaken by ASAI and SHODA (3) and further examined in the present study.
The comparative properties thus obtained are shown in Table 13 . Noteworthy is that this strain showed peritrichous flagellation and oxidized acetate.
Similar characters were found in other brown pigmentproducing strains viz., G. melanogenus IAM 1835 and IAM 1836. We do not know whether the latter two strains originated from non acetate-oxidizing ones or not, because the taxonomic studies on these strains were not undertaken until 1958 (3) when the strains were decided as acetate oxidizers. Also we are not sure whether the strain G. liquefaciens IAM 1834 was misjudged as non-motile (i.e., the flagella were dormant or at "paralyzed" state for some reasons) when it was tested at the early period of preservation, or it acquired motility during the long preservation of the culture. VOL. 10
Regarding G. liquefaciens IAM 1834, it is evident that a rare mutation occurred, i.e., transformation of a strain which does not oxidize acetate into one which does. This is a change of the principal characteristic of genus Gluconobacter into one of genus Acetobacter. Other biochemical and physiological characteristics except for gelatin liquefaction were almost identical with polary flagellated G. melanogenus strains and therefore it could be said that this strain is similarly equipped with enzymic arrangements with polarly flagellated Gluconobacter melanogenus strains except the acetate-oxidizability and the flagellation feature. From this standpoint, we can not agree with CARR and SHIMWELLS' opinion that (19) this strain is a pigment-producing mutant of A. aceti. We consider that this unusual strain has appeared in the course of an evolutionary trend of non acetateoxidizing G. melanogenus into acetate-oxidizing Acetobacter strains. And therefore, we support the view that the ascendant of genus Acetobacter is most probably genus Gluconobacter and that the three strains mentioned The cells were often shown to be a mixed type of lateral and polar, besides peritrichous flagellation as shown in attached photographs. Such a phenomenon was reported by LEIFSON and HUGH (32) who observed that the organism K-57 which can be classified as Xanthomonas or Flavobacterium exhibited two different types of flagellation, one is of the typical polar flagellum and the other is of many lateral flagella.
We can not neglect the supposition that mixed type flagellation is a phenomenon representing the course of flagella evolution from polar one to peritrichous one, the latter being more stable.
Thus, we think it is rather appropriate to designate such organisms as peritrichous type, though the observation itself revealed the existence of mixed or polar type besides the peritrichous one. On the other hand, brown pigment-producing A. aurantius strains are distinctly polarly flagellated. Only concerning flagellation, they might belong to G. melanogenus Beijerinck, but differ from this organism by the behavior of acetate oxidation. They can oxidize acetate and lactate as peritrichously Recently, a proposal to differentiate Pseudomonas from Acetomonas (Gluconobacter) was presented by SHIMWELL et al. (13) , in which Pseudomonas are characterized by the following criteria : 1) Acetic acid production from ethanol is negative, 2) oxidation of lactate to carbonate is positive, 3) production of dihydroxyacetone from glycerol is negative, 4) does not grow at pH 4.5. According to these criteria, A. aurantius strains should not be assigned to genus Pseudomonas, hence they were confirmed to grow well at pH 3.5 (Table 12) in yeast extract ethanol-glucose medium and noticeably produced acetic acid from ethanol as shown in Tables 5,11 and 14. A. aurantius strains cannot be also assigned to genus Gluconobacter, hence they oxidized lactate to completion and did not produce dihydroxyacetone from glycerol. Thus it was considered that these strains, though closely related to Pseudomonas, probably take a certain transitional position in the evolutional course of Pseudomonas to Gluconobacter and it was decided that they are temporarily named as "intermediate" strains IFO 3245 and IFO 3246 until a reasonable generic assignment is determined. We are of opinion that the ancestor of the both genera Gluconobacter and Acetobacter, although hypothetical, is most likely genus Pseudomonas, and that Gluconobacter is situated more closely to Pseudomonas. Genus Pseudomonas is an oxidative bacterial group exhibiting strong oxidizability of glucose and is known to be able to produce gluconic-and 2-ketogluconic acids from glucose.
According to YY AKIZAKA (33), a newly isolated Pseudomonas strain designated as P, sesamii nov. sp, could produce 2, 5-diketogluconic acid from glucose and gluconic acid as did G, melanogenus BEIJERINCK (34). The ketogenic activity towards sorbitol and mannitol was also demonstrated by SEBEK and RANDLES (35) with a strain of P. fluorescens adapted to the substrates.
The foregoing showed high similarity in biochemical properties between Gluconobacter and Pseudomonas.
Polarly flagellated "intermediate" strains oxidize lactate but do not produce dihydroxyacetone from glycerol. This indicates that they are related more closely to Pseudomonas than other Gluconobacter strains.
G. melanogenus BEIJERINCK might be a descendant of these" intermediate" strains as a result of the loss of acetate and lactate oxidizability and the development of ketogenic activity towards glycerol. It is most probable that peritrichously flagellated "intermediate" strain to oxidize acetate and lactate to carbonate, acquiring ketogenesis towards glycerol and evolved into genus Gluconobacter.
Apart from these lines, the other one route-evolution from genus Gluconobacter to genus Acetobacter via " intermediate " strain TAM 1834, acquiring peritrichous flagellation and acetate and lactate oxidizability-was suggested considering the historical investigation of the above mentioned organism JAM 1834.
It must be mentioned that, in our scheme of phylogeny, development of biochemical activities are partially concerned.
This view does not necessarily satisfy the concept of regressive evolution in organisms.
However, in fact, we encountered a case of transformation of non-acetate oxidizing Gluconobacter into acetate oxidizing one as shown with the strain of G. liquefaciens JAM 1834. In addition, several experiments carried out by other workers on mutable changes of acetic acid bacteria supported such a possibility of acquiring biochemical activities in a trend of natural mutation.
WALKER and KULKA (26) reported that A. ascendens which did not produce gluconic acid acquired the ability to do so after long periods of preservation.
Transformation of noncellulosic A. mesoxydans strain to cellulosic A. xylinus strain (27) and an advent of brown pigment-producing A. suboxydans strain which is not distinguishable from A, melanogenus were reported by SHIMWELL (J,). We encountered also a case in which a strain of A. suboxydans after a long period of cultivation gained the ability to form a large amount of 2-ketogluconate from glucose.
The color of colonies on koji extract-CaCOs agar turned to brown.
SUMMARY
Fifty strains of acetic acid bacteria including closely related strains were taxonomically studied. Except for five brown pigment-producing strains, they were appropriately divided into two separate genera Gluconobacter and Acetobacter mainly in accordance with the flagellation and the oxidative behavior towards acetate and lactate.
Thus the differentiation of acetic acid bacteria into two separate genera Gluconobacter and Acetobacter which was firstly proposed by ASAI was again verified.
Species characterization within each genus of acetic acid bacteria was discussed and considered to be unreliable.
An amendment was added to the previous publication concerning the flagellation of brown pigment-producing three strains, i,e., G. liquefaeiens G-1 (IAM 1834), G. melanogenus AC-8 (IAM 1835) and G. melanogenus U-4 (IAM 1836). They were confirmed to be peritrichous, not polar, and therefore were excluded from genus Gluconobacter.
A remarkable mutation transforming from non-acetate oxidizing strain into acetate oxidizing one during the long periods of preservation in the laboratory was presented in the case with G. liquefaciens G-1 (IAM 1834).
A new finding concerning the existence of polarly flagellated, . acetateand lactate-oxidizing brown pigment-producing strains was also presented. Accordingly we have at present two different types of brown pigmentproducing and acetate-and lactate-oxidizing strains besides G. melanogenus (Beijerinck) Asai (Syn. A, melanogenus Beijerinck) ; one is characterized by peritrichous flagellation and the other is characterized by polar flagellation.
The generic situation of those organisms was discussed and was decided temporarily as " intermediate " strains neither assignable to genus Gluconobacter nor to genus Acetobacter.
Phylogenetic relationship of genera Gluconobacter and Acetobacter with reference to the "intermediate" strains was also discussed. 
